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(54) Optical cross-connect system 

(57) An optica) cross-connect system is provided 
with M fixed wavelength light sources and external mod- 
ulators corresponding to respective optical paths, serv- 
ing as light sources for wavelength conversion devices 
corresponded toMxN optical paths. By means of elec- 
trical signals for the convened optical signals canied on 
the M x N optical paths, CW lights input to the external 
modulators from the respective light sources are mod- 
ulated, wavelength converted and then output. Accom- 
panying this wavelength conversion, wavelength multi- 
plexed light sources which can select lights from a plu- 
rality of fixed wavelength light sources and output to pre- 
determined output ports, are used for the light sources 
of the plurality of wavelength conversion devices of the 
cross-connect system. In this way, the light sources of 
a plurality of wavelength conversion sections are com- 
monalized using a fixed wavelength light source. As a 
result wavelength multiplexed light sources which can 
respectively output lights of optional wavelengths to a 
plurality of output ports using a plurality of fixed wave- 
length light sources are realized. Moreover, by using 
such wavelength division multiplexed communication 
light sources, then a highly realizable and economical 
optical cross-connect system is possible. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical cross- 
connect system wherein wavelength division multi- 
plexed signals input from a plurality of input optical 
transmission lines are demultiplexed into signals of re- 
spective wavelengths, regenerated or further converted 
into predetermined wavelengths, and then cross-con- 
nected to prescribed output optical transmission lines. 

2. Description of the Related Art 

Development of optical path cross-connect sys- 
tems wherein wavelength routing techniques, whereby 
the optica) broadband characteristics are sufficiently re- 
stored, are Introduced to optical paths, is gaining wide 
attention. For optical path schemes there is the WP sys- 
tem (wavelength path system; one wavelength U6ed 
end-to-end) and the VWP system (virtual wavelength 
path system; wavelength conversion at each node) (re- 
fer to: Atsushi WATANABE et al., 'Optical Path Cross- 
Connect Node Architecture with High Modularity for 
Photonic Transport Networks," IEICE Trans. Commun., 
Vol. E77-B. No. 10, October 1994). 

In the WP optical cross-connect system, wave- 
length division multiplexed signals input from a plurality 
of Input optical transmission lines are demultiplexed into 
signals of respective wavelengths, and then cross-con- 
nected to prescribed output optical transmission lines. 
In order to maintain the transmission quality of the opti- 
cal paths, then with a WP optical cross-connect system, 
in the case where optical paths passing wavelength mul- 
tiplexed signals of M wavelengths are received from N 
different optical fibers, then MxN regeneration circuits 
for optical regeneration of the respective optical signals 
are required. However, to provide respective laser 
sources in the regeneration circuits, then with this ex- 
ample, MxN laser sources are required. Therefore, a 
cost penalty in the construction of large scale system is 
unavoidable. 

The VWP optical cross-connect system is a system 
for carrying out wavelength conversion type optical path 
cross-connection, wherein wavelength division multi- 
plexed signals input from a plurality of input optical 
transmission lines are demultiplexed into signals of re- 
spective wavelengths, further converted into predeter- 
mined wavelengths, and then cross-connected to pre- 
scribed output optical transmission lines. With the VWP 
system, since at the time of optical path cross-connec- 
tion, this is accompanied by wavelength conversion, 
then as with the above-mentioned example, it is neces- 
sary to provide MxN wavelength conversion circuits in 
the optical cross-connect system. Optical path cross- 
connection with wavelength conversion has the merit in 



that the design for accommodating me optical paths can 

be made simpler than for the above-mentioned optical 
regeneration type optical path cross-connection, and 
network resources can be effectively utilized. However, 

5 it is a bottleneck in the current technology how wave- 
length conversion circuits are realized. The wavelength 
conversion circuit comprises tunable wavelength light 
sources and/or fixed wavelength light sources. A typical 
optical device for the tunable wavelength light source is 

io the distributed Brag reflection laser (DBR-LD). However 
with this device, the usable tunable wavelength region 
is narrow at 2-3 nm. Furthermore, since the wavelengths 
are changed in analog fashion by means of an electric 
current, then problems accompanying instability of the 

is set wavelength arise. Consequently, with the present 
technology, from the viewpoint of tunable wavelength 
range, there are difficulties in applying tunable wave- 
length circuits for tunable wavelength light sources to 
an optical cross-connect system. On the other hand, 

20 when a fixed wavelength output laser source is used, it 
is necessary to provide light sources for a number of 
multiplexed wavelengths (in this case M) In the respec- 
tive wavelength conversion circuits, and hence a large 
number of laser sources (M 2 x N) are required in the 

25 overall optical cross-connect system. 

With the conventional optical cross-connect system 
as described above, then with either the WP system or 
the VWP system, there is the problem in that a large 
number of light sources are required. Moreover, if the 

30 number of light sources used in the optical cross-con- 
nect system is increased, then the size of the system for 
carrying out monitoring and stabilization control of the 
wavelengths is also increased so that costs rise. Hence, 
in order to construct an economical optical cross -con- 

35 nect system, the required number of light sources must 
be reduced. 

SUMMARY OF THE INVENTION 

40 it is an object of the present invention to provide an 
optical cross-connect system wherein the required 
number of light sources can be reduced compared to 
before. 

According to a first aspect of the present invention 
4S there is provided an optical cross-connect system com- 
prising: 

wavelength demultiplexers for demultiplexing 
wavelength division multiplexed signals of M wave- 
so lengths (M being an integer of two or more) respec- 
tively input from N (N being an integer of two or 
more) input optical transmission lines, into MxN 
optical signals of respective wavelengths; 
an optical regeneration section for regenerating and 
55 outputting the M x N optical signals of the respective 
wavelengths demultiplexed by the wavelength de- 
multiplexers, said optical regeneration section com- 
prising: M light sources in K sets (K being one or 
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more and less than W2 with divisor of N) lor output- 
ting lights o1 mutually different wavelengths; MxK 
optical splitters for respectively N/K dividing the 
lights from the light sources and outputting N lights 
for each wavelength, M x N opto-electrical convert- 
ers for converting the M x N optical signals of the 
respective wavelengths into electrical signals, and 
M x N external modulators for corresponding the 
electrical signals tor the converted MxN optical sig- 
nals of respective wavelengths, with the N lights for 
each of the respective wavelengths divided by the 
MxN optical splitters, and modulating the corre- 
sponding wavelength lights by the electrical signals 
and then outputting; and 

an (M x N) input N output cross-connect section tor 
rearranging the routing for the M x N regenerated 
optical signals and outputting to any of N output op- 
tical transmission lines. 

According to a second aspect of the present inven- 
tion there is provided an optical cross-connect system 
comprising: 

wavelength demultiplexers for demultiplexing 
wavelength division multiplexed signals of M wave- 
lengths (M being an integer of two or more) respec- 
tively input from N (N being an integer of two or 
more) input optical transmission lines, into MxN 
optical signals of respective wavelengths, 
a wavelength replacing section lor wavelength re- 
placing and regenerating and then outputting the M 
x N optical signals of the respective wavelengths 
demultiplexed by the wavelength demultiplexers, 
said wavelength replacing section comprising: M 
light sources in K sets (K being the divisor of N) for 
outputting lights of mutually different wavelengths; 
MxK optical splitters for respectively N/K dividing 
the lights from the light sources and outputting N 
lights for each wavelength; N optical space switch- 
es into which are respectively input 1 set of M wave- 
length lights from N sets of M wavelength lights out- 
put from the M x K optical splitters, for consecutively 
replacing the input lights and respectively output- 
ting M wavelength lights; MxN opto-electrical con- 
verters for converting the M x N optical signals of 
the respective wavelengths into electrical signals; 
and M x N external modulators for corresponding 
the electrical signals for the converted MxN optical 
signals of respective wavelengths, with the N lights 
for each of the respective wavelengths output from 
the N optical space switches, and modulating the 
corresponding wavelength lights by the electrical 
signals and then outputting; and 
an (M x N) input N output cross-connect section for 
rearranging the routing for the Mx N optical signals 
output from the wavelength replacing section, and 
outputting to any ofN output optical transmission 
lines. 



Moreover with the second aspect, the optical space 
switch may comprise a plurality of optical gate switches, 
and transfer of cross-talk components may be prevent- 
ed by having the optical gate switch passing optical sig- 
5 nals ON, and the optical gate switches not passing op- 
tical signals OFF. 

According to a third aspect of the present invention 
there is provided an optical cross-connect system com- 
prising: 

10 

N wavelength demultiplexers for demultiplexing 
wavelength division multiplexed signals of M wave- 
lengths (M being an integer of two or more) respec- 
tively input from N (N being an integer of two or 

is more) input optical transmission lines, into M x N 
optical signals of respective wavelengths, 
a wavelength conversion section lor wavelength 
converting and then outputting the MxN optical sig- 
nals of the respective wavelengths demultiplexed 

20 by the N wavelength demultiplexers, said wave- 
length conversion section comprising: 
either one of; 

N light source sections corresponding to the N input 
optical transmission lines and incorporating: 
25 M light sources for outputting lights of mutually dif- 
ferent fixed wavelengths; 

M input M output optical star-couplers for wave- 
length multiplexing and M dividing the optical out- 
puts from the light sources, and 

30 M tunable wavelength filters into which are input the 
wavelength multiplexed lights divided by the M input 
M output optical star-couplers, which pass lights of 
predetermined wavelength only and which shut-off 
lights of other wavelengths, 

35 and 

N/K (where K is the divisor of N) light source sec- 
tions corresponding to the N input optical transmis- 
sion lines and incorporating: 
M light sources for outputting lights of mutually dif- 
40 ferent fixed wavelengths; 

M input K output optical star-couplers for wave- 
length multiplexing and K dividing the optical out- 
puts from the light sources, 
I input M output optical splitters for respectively M 
45 dividing the wavelength multiplexed lights divided 
by the M input K output optical star-couplers, and 
MxK tunable wavelength filters into which are input 
the wavelength multiplexed lights divided by the 1 
input M output optical splitters, which pass lights of 
so predetermined wavelength only and which shut-off 
lights of other wavelengths, 
MxN opto-electric converters for converting the op- 
tical signals of respective wavelengths demulti- 
plexed by the wavelength demultiplexers, into elec- 
ts trteal signals, and 

MxN external modulators for corresponding the M 
x N electrical signals output from the respective op- 
to-electric converters with the M x N lights ol respec- 
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trve wavelengths output from the respective tunable 
wavelength filters of the light source sections, and 
modulating the corresponding wavelength lights by 
the electrical signals and then outputting, 
and 

an (M x N) input N output cross-connect section for 
rearranging the routing for the M x N wavelength 
converted optica) signals, and outputting to any of 
N output optical transmission lines. 

According to a fourth aspect of the present invention 
there is provided an optical cross-connect system com- 
prising: 

N wavelength demultiplexers for demultiplexing 
wavelength division multiplexed signals of M wave- 
lengths (M being an integer of two or more) respec- 
tively input from N (N being an integer of two or 
more) input optical transmission lines, into M x N 
optical signals of respective wavelengths, 
a wavelength conversion section for wavelength 
converting and then outputting the M x N optical sig- 
nals of the respective wavelengths demultiplexed 
by the N wavelength demultiplexers, said wave- 
length conversion section comprising: 
either one of; 

N light source sections corresponding to the N input 
optical transmission lines and incorporating: 
M light sources for outputting lights of mutually dif- 
ferent fixed wavelengths; 

M 6ets of 1 input M output optical splitters for re- 
spectively M dividing the optical outputs from the 
light sources, and 

M sets of M input 1 output optical switches into 
which are input the lights of respective wavelengths 
divided by the respective 1 input M output optical 
splitters, which select and output lights of one of the 
wavelengths, and 

N/K (where K is the divisor of N) light source sec- 
tions corresponding to the N input optical transmis- 
sion lines and incorporating: 
M light sources for outputting lights of mutually dif- 
ferent fixed wavelengths; 

M sets of I input K output optical splitters for respec- 
tively K dividing the optical outputs from the light 
sources, 

MxK sets of 1 input K output optical splitters for 
respectively M dividing the lights divided by the re- 
spective 1 input K output optical splitters, and 
MxK sets of M input t output optical switches into 
which are input the lights of respective wavelengths 
divided by the respective 1 input M output optical 
splitters, which select and output lights of one of the 
wavelengths, 

MxN opto-electric converters for converting the op- 
tical signals of respective wavelengths demulti- 
plexed by the wavelength demultiplexers, into elec- 
trical signals, and 



MxN external modulators t r corresponding the M 
x N electrical signals output from the respective op- 
to-electric converters with the M x N lights of respec- 
tive wavelengths output from the respective M input 
5 1 output optical switches of the respective light 
source sections, and modulating the corresponding 
wavelength lights by the electrical signals and then 
outputting, 
and 

io an (M x N) input N output cross-connect section for 
rearranging the routing for the M x N wavelength 
converted optical signals, and outputting to any of 
N output optical transmission lines. 

is Moreover with the fourth aspect, optical gate 
switches may be provided at the output stages of the M 
input 1 output optical switches, and transfer of cross- 
talk components may be prevented by having the optical 
gate switch for the input line carrying the optical signals 

20 ON, and the optical gate switches for the other output 
lines OFF. 

With the above construction, economy can be 
achieved by commonalizing the light sources. Moreo- 
ver, by reducing the light sources required for wave- 

25 length monitoring and stability control, then a stabilized 
cross-connect system can be constructed. 

By using fixed wavelength light sources in the wave- 
length conversion section, then difficulties in construct- 
ing the light sources, and the consequent drop In yield, 

30 can be avoided. 

Moreover, by having the construction wherein opti- 
cal switches are combined with the optical splitters, then 
cross talk components can be suppressed. 

With the optical cross-connect system, there are 

35 cases where optical amplification is required to compen- 
sate for losses. However adding an optical amplifier re- 
sults in the accumulation of ASE (amplified spontane- 
ous emissions) which affects the SNR (signal-to-noise 
ratio). Hence, if an optical amplifier is added, it is nec- 

40 essary to provide some means of eliminating the ASE. 
With the present invention however, by providing the op- 
tical gate switches in the optical switches, then as well 
as lower cross-talk, the amplified spontaneous emis- 
sions ol CW lights of other than the desired wavelength 

45 can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a first embodi- 
50 ment of an optical cross-connect system according 
to the present invention; 

FIG. 2 is a block diagram showing a second embod- 
iment of an opticaj cross-connect system according 
to the present invention; 
55 FIG. 3 is a block diagram showing a third embodi- 
ment of an optical cross-connect system according 
to the present invention; 

FIG. 4 is a block diagram showing a structural ex- 
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ample of an optical space switch 27 of M = 8 scale; 
FIG. 5 is a block diagram showing a structural ex- 
ample of the optical space switch 27 fitted with gate 
switches; 

FIG. 6 is a diagram showing an example of a wave- 
length monitoring circuit which uses an arrayed 
waveguide grating; 

FIG. 7 Is a diagram showing the transmission char- 
acteristics of the respective ports of the output 
waveguide 53 of FIG. 6; 

FIG. 8 is a block diagram showing a fourth embod- 
iment of an optical cross-connect system according 
to the present invention; 

FIG. 9 is a block diagram showing a fifth embodi- 
ment of an optical cross-connect system according 
to the present invention; 

FIG: 1 0A and FIG. 1 0B are block diagrams showing 
respective structural examples of M input 1 output 
optical switches 25 of M = 8 scale; 
FIG. 11 is a block diagram showing a sixth embod- 
iment of an optical cross-connect system according 
to the present invention; 

FIG. 12 is a block diagram showing a seventh em- 
bodiment of an optical cross-connect system ac- 
cording to the present invention; 
FIG. 1 3 is a diagram showing an example of a con- 
struction with optical amplifiers and tunable wave- 
length filters added to the wavelength conversion 
section in the fifth embodiment ofthe present 
invention ; and 

FIG. 14 is a diagram showing an example of a con- 
struction with optical amplifiers and tunable wave- 
length filters added to the wavelength conversion 
section in the seventh embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a first embodiment of an optical cross- 
connect system according to the present invention used 
in a WP system. This embodiment is for cross-connect- 
ing M x N optical paths and includes: an optical regen- 
eration section 100 having M light sources for respec- 
tively outputting CW lights of wavelengths X, ~ X*,, and 
M optical splitters for respectively N dividing output 
lights from the M light sources; and a cross-connect sec- 
tion 200 for cross-connecting the output from the optical 
regeneration section 100 and outputting to N optical fib- 
ers. The present invention is characterized in that one 
set of the M light sources corresponding to respective 
wavelengths is made common with the N optical fibers. 
In FIG. 1. wavelength division multiplexed signals of M 

wavelengths input from optical fibers 1 1 -j (j = 1 , 2 N) 

are demultiplexed into optical signals ol respective 
wavelengths ol - ^ by wavelength demultiplexers 

13-j. The optical signals of wavelengths ^{1=1.2 

M) are then converted into electrical signals by opto- 



electric conversion circuits (O/E) 21 -I), and then Input to 
external modulators 22-ij. On the oth r hand, a CW light 
of wavelength A, output from the light source 23-I Is N 
divided by the optical splitter 24-i and then input to the 

5 external modulator 22-ij. The external modulator 22-ij 
modulates the CW liojtf of wavelength \ using an elec- 
trical 6ignal corresponding to the optical 6ignaJ of wave- 
length A<, and outputs this as a regenerated optical sig- 
nal. The regenerated optical signal of wavelength \ is 

io then cross-connected to the optical fiber 18-| via an M 
input N output delivery and coupling switch 15-j, and an 
N input 1 output optical combiner 16-J. For example 
when routing the optical signal (optical path) of wave- 
length ^ input from the optical fiber 11 -1 . to the optical 

is fiber 18-N, the optical signal of wavelengths ^ is 
switched by the M input N output delivery and coupling 
switch 1 5-1 and sent on to the optical fiber 18-N via the 
N input I output optical combiner 16-N. The (MxN) input 
N output cross-connect section is thus made up from N 

20 sets of M input N output delivery and coupling switches 
15 and N sets of N input 1 output optical combiners 16, 
thus enabling cross-connection of M x N optical paths 
to N routes. 

The optical signal of M wavelengths input to one of 
25 the M input N output delivery and coupling switches 1 5, 
is delivered to any of the output ports of the N routes. 
At this time, optical signals of two or more wavelengths 
are output to one output port. However, when optical 
combining with the N Input 1 output optical combiners 
30 1 6, a prescribed wavelength allocation is can-ied out so 
that optical signals ofthe same wavelength do not col- 
lide. 

For the external modulators 22. semiconductor ab- 
sorption intensity modulators or Mach-Zehnder Intensity 

35 modulators may be used. 

With this embodiment a single light source Is pro- 
vided for each respective wavelength. However a plu- 
rality of light sources may instead be provided for each 
respective wavelength. In this case, when the light 

40 sources for the respective wavelengths are provided as 
K sets, then MxN laser lights can be obtained using M 
x K optical splitters for N/K division of the output lights 
from the respective light sources. For example, when 
two light sources are provided for each respective wave- 

45 length, then an optical splitter for N/2 divisions can be 
used instead of an optical splitter for N divisions. Hence 
the losses occurring in the optical splitter can be re- 
duced, enabling a prescribed optical power to be main- 
tained. 

so FIG. 2 is a block diagram showing a second embod- 
iment of an optical cross-connect system according to 
the present invention. The second embodiment is char- 
acterized in that, compared to the f irst embodiment, op- 
tical amplifiers for compensating for the losses occurring 

55 in the optical splitters 24-i. are arranged in the optical 
regeneration section 100a. The losses occurring in the 
optical splitters 24-i can be compensated tor by arrang- 
ing the optical amplifier 30-i prior to the optical splitters 
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24-i as shown in FIG. 2. Moreover, since losses also oc- 
cur in the external modulators 22-ij, then these losses 
can be compensated for by arranging optical amplifiers 
31 -ij prior or subsequent thereto (shown subsequent 
thereto in FIG. 2) to thereby maintain a prescribed SNR. 
For the optical amplifiers used here, erbium-doped fiber 
amplifiers, semiconductor laser optical amplifiers, Ram- 
an amplifiers, Brillouin amplifiers or the like may be 
used. 

With the semiconductor laser optical amplifier, 
since the gain can be modulated at high speed, then a 
weak modulation component (pilot tone signal) for iden- 
tifying the wavelength and input port, can be superim- 
posed. For example, a pilot tone signal for wavelength 
identification is superimposed in the optical amplifier 
90-i arranged prior to the optical splitter 24-i, and a pilot 
tone 6ignal for input port identification is superimposed 
in the optical amplifier 31 -ij arranged subsequent to the 
external modulator 22-ij. For these pilot tone signals, a 
characteristic frequency is prescribed for each wave-' 
length and for each input port. Hence by monitoring the 
pilot tone signals at intermediate nodes in the WP optical 
path cross-connect system without terminating the op- 
tical signals, and detecting the levels of the pilot tone 
signals for the respective frequencies, then the optical 
paths of the respective wavelengths, and the cross-con- 
nect conditions can be monitored. 

At the intermediate nodes, the input optical signals 
are divided, O/E converted, and the pilot tone signals 
only are taken out using a synchronized detection circuit 
or the like, so that monitoring can be carried out. This 
synchronized detection circuit is set to a desired fre- 
quency. 

By using means such as described above to monitor 
the optical signals of the respective output lines of the 
delivery and coupling switches 1 5-j, or the output lines 
of the optical combiners 16-j , then it can be determined 
whether or not the delivery and coupling switches inside 
the system itself are properly set 

A third embodiment of an optical cross-connect sys- 
tem according to the present invention will now be de- 
scribed with reference to FIG. 3. With the first and sec- 
ond embodiments, the corresponding relationships be- 
tween the wavelengths and the respective light paths 
were fixed so that for example, a CW light of wavelength 
X, was input to the external modulator 22-1 1 , and a CW 
light of wavelength ^ was input to the external modu- 
lator 22-M1. With the arrangement as shown in FIG. 3 
however, a pseudo-tunable wavelength light source can 
be constructed by inserting N optical space switches 
27-J between optical splitter 24-i and external modulator 
22-ij inside a wavelength replacing section 100b corre- 
sponding to the regeneration sections 100 and 100a, to 
thereby switch the wavelength of the CW light input to 
the respective external modulator 22-ij. With the optical 
cross-connect systems of the first and second embodi- 
ments, the wavelengths of the optical signals output 
from the regeneration sections 100 and 100a were pre- 



fixed for the M input pons 61 the respective aeirvery ana 
coupling switches 1 5-i. With the third embodiment of the 
optical cross-connect system shown In FIG. 3 h w ver, 
wavelengths X, ~ Ay can be optionally replaced for 
5 each of the respective delivery and coupling switches 
1 5-i. With the optical cross-connect system of the third 
embodiment also, as with the WP optical cross-connect 
systems of the first and second embodiments, plural op- 
tical signals of the same wavelength cannot be input to 

10 the same delivery and coupling switches 15-i at the 
same time. Concerning this point, the third embodiment 
differs from the VWP optical cross-conned system. 

With the third embodiment, as with the second em- 
bodiment described with reference to FIG. 2, optical am- 

ib pirflers can be added to inside the wavelength replacing 
section 100b. Moreover, with the third embodiment, as 
with the second embodiment, in the case wherein sem- 
iconductor optical amplifiers are used for the optical am- 
plifiers, monitoring ofthe lights can be carried out using 

20 a pilot tone signal. At this time, in the wavelength replac- 
ing section 100b, by selecting with the optical space 
switch 27, a desired wavelength from the CW Pght su- 
perimposed with the wavelength identifying pilot tone, 
and then monitoring the pilot tone signal, it is possible 

2S to monitor whether or not the desired wavelength has 
been selected. 

FIG. 4 is a block diagram showing a structural ex- 
ample of the optical space switch 27 shown in FIG. 3, 
this case being for when the number of multiplexed 

so wavelengths M is 8. In FIG. 4, input side 1 input 8 output 
optical switches 41-1 ~ 41-8, and output side 8 input 1 
output optical switches 42-1 ~ 42-8 are connected to 
each other. CW lights of respective wavelengths X, ~ 
Xq are input to the input side 1 input 8 output optical 

35 switches 41 -1 ~ 41 -8, and the switches are switched so 
that one of the external modulators 22 to which the CW 
lights are delivered is selected. The wavelengths for 
sending to the respective external modulators 22 are se- 
lected by the output side 8 input 1 output optical switch- 

40 es 41-1 ~ 42-8. With this construction, by having the 
switching of the spatial switches (1 input 6 output optical 
switches 41-1 ~ 41-8) and the wavelength selection 
switches (B input 1 output optical switches 42-1 — 42-8) 
carried out independently, then at the time of switching 

45 it is possible to prevent a plurality of optical signals of 
differing wavelengths from becoming temporarily mixed 
in a single external modulator 22. 

Incidentally, in an optical cross-connect system 
having an optical signal regeneration section as shown 

so in FIG. 1 , there are N signals of wavelength X^. Here, 
to ensure that wavelength collision does not occur in the 
output optical fiber 18, then wavelength allocation is car- 
ried out beforehand. However if the ON/OFF ratio in the 
delivery and coupling switches 15 is not infinitely large, 

55 then (N - 1) undesired leak components of the same 
wavelength will be switched to the output optical fiber 
18 from the cross-conn ct section 200. Assuming that 
the power penalty is suppressed to within 0.2 dB, then 
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it is necessary to keep the total ol these same wave- 
length leak components to less than -28dB. For exam- 
ple, assuming that the number of Input/output fibers is 
N = 16 and the number ol multiplexed wavelengths is M 
= 8, then (N-1 ) = 15 and hence the delivery and coupling 
switch ON/OFF ratio must be greater than 40dB (28+ 1 0 
Iog10 15 (dB)). 

In the cross-connect system of FIG. 3, since a CW 
light of the desired wavelength (for example Xj) is se- 
lected by the optical space switch 27, then CW lights of 
other wavelengths (for example other than X,) leak into 
the output from the optical 6pace 6Witch 27, This leak 
component passes through the cross-connect section 
200 together with the optical signals (wavelength Xj) 
and is output to the output f iber 18. Hence in the wave- 
length replacing section 100b also, an ON/OFF ratio of 
greater than 40dB is required. Consequently, the optical 
space switch 27 also, requires an ON/OFF ratio greater 
than 40dB. 

Accordingly, in the case where optical switches are 
used, one criterion is to realize an optical cross-connect 
system wherein an optical switch ON/OFF ratio of great- 
er than 40dB is possible. With the wavelength conver- 
sion section 300 in the subsequent embodiments also, 
the same requirements apply for the optical switch ON/ 
OFF ratio. 

Therefore with the 1 x M optical switch 41 or the M 
x 1 optical switch 42 shown in FIG. 4, then under the 
above-mentioned conditions for example, an OWDFF 
ratio greater than 40dB is required. As a switch for ob- 
taining this level difference, there is currently a switch 
involving PLC (Planar Lightwave Circuit) technology 
which uses the therrno-optic effect (reler to: Masayuki 
OKUNO et. al., "8x8 Optical Matrix Switch Using Silica- 
Based Planar Lightwave Circuits 1 , IEICE TRANS. 
ELECTRON., VOL E76-C, NO. 7 JULY 1993; and R. 
Nagase et. al, •Silica-Based 8x8 Optical Matrix Switch 
Module with Hybrid Integrated Driving Circuits," ECOC 
'93 Mopl. 2 Sep. 12-16, 1993), a solid state optical 
switch similarly using the therrno-optic effect (refer to: 
•Active Components for Optical Networks Using Poly- 
mer Technology", IOOC *95 (Integrated Optics and Op- 
tical Fibre Communication), June 26-30, 1 995, and 'Sol- 
id State Optical Switches Newsletter," Akzo Nobel Corp. 
Sep. 1995), or a mechanical switch. However, with the 
M x 1 optical switch or the 1 x M optical switch, since a 
large number are required in the cross-connect system 
in order to correspond to the respective optical signals, 
then from the view point of miniaturization with the state- 
of-the-art technology, switches using the therrno-optic 
effect are best. However with M x 1 or 1 x M switches 
using the therrno-optic effect, since the cross-talk char- 
acteristics are rather inferior compared to the mechan- 
ical switch device, an improvement in these character- 
istics is desirable. 

The construction of the optical space switch 27 ac- 
cording to the present invention shown in FIG. 5 im- 
proves the cross-talk characteristics by further adding 



optical gate switches to the construction ol FIG. 4. With 
the optical space switch 27 shown in FIG. 5, respective 
optical gates 43 are provided at the respective output 
ports of the 1x8 optical switches 41-1 ~ 41-8 and the 
5 respective input ports of the 8x1 optical switches 42-1 ~ 
42-8. Control of the respective optical gate switches 43 
so that only one optical signal passes for each 1 x 8 
optical switch 41 or each 8x1 optical switch 42, is 
achieved by having only the optical gate switch 43 of the 
10 desired output line ON, and the other optical gate 
switches 43 OFF. In this way, cross-talk characteristics 
can be improved compared to the case with no optical 
gate switches 43. Moreover, when the optical gate 
switch 43 is one which uses the therrno-optic effect, then 
is the output level of the optical signals can be adjusted by 
changing the electrical drive power for the optica] gate 
switch, and hence level variations due to individual dif- 
ferences in the respective optical components can be 
absorbed. With the construction shown in FIG. 5, optical 
20 gate switches 43 are provided tor both the respective 
output ports of the 1 x8 optical switch 41 , and the respec- 
tive input ports of the 8x1 optical switch 42. However the 
optical gate switches may be provided for only one or 
other of the switches. If the optional output level adjust- 
2S merit function of the optical gate switches is considered, 
then the overall ON/OFF ratio of the optical space switch 
27 must be a value greater than 40 (dB) plus the level 
adjustment component. For example, if the level adjust- 
ment component Is 3dB. then the ON/OFF ratio must be 
30 greater than 43dB. 

For the 8 input 8 output optical space switch 27 
shown in FIG. 4 or in FIG. 5, a possible construction, 
although disadvantageous from the point of losses or 
cross-talk, is one wherein the input side 1 input 8 output 
35 optical switches 41-1 ~ 41-8 are replaced by 1 input 8 
output optical splitters, or a construction wherein the 
output side 8 input 1 output optical switches 42-1 ~ 42-8 
are replaced by 8 input 1 output optical combiners. 
Moreover, for the 8 input 8 output optical space switch 
40 27, a crossbar-type 8 input 8 output optical switch (reter 
to: Masayuki OKUNO et al., "8x8 Optical Matrix Switch 
Using Silica-Based Planar Lightwave Circuits", IEICE 
TRANS. ELECTRON.. VOL. E76-C, NO. 7 JULY 1993) 
can be used. By using such an optical space switch, 
45 then in cases where it is difficult to maintain a prescribed 
tunable wavelength range in a tunable wavelength light 
source alone, artificial functioning as a tunable wave- 
length light source is possible by preparing fixed wave- 
length light sources in a plurality of types and switching 
so the outputs thereof. In particular, the present construc- 
tion is effective in networks where it is desirable to ar- 
range the wavelengths at unequal spacing. An example 
of such a network, is a transfer system wherein it is as- 
sumed that the wavelength range of the optical signal 
ss overlaps with the zero dispersion wavelength of the op- 
tical fiber used as the optical transmission line, and the 
wave form of the optical signal might deteriorate due to 
the generation of lour wavelength mixing. 
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With the conventionally used DBR-LD. in general 
the wavelength changes discontinuously, and since the 
discontinuous space becomes a frequency space deter- 
mined for example by the laser oscillator length, then 
this cannot be applied to networks wherein the wave- 
length must be positioned in an unequal space. On the 
other hand, with the construction ol the present inven- 
tion, since the respective light sources are independent, 
then the wavelength for an unequal space can be easily 
set Furthermore, with the construction of the present 
invention, since there is no need to change the wave- 
length In analog fashion, then stabilized wavelength 
characteristics are obtained. 

With the optical cross-connect system of the 
present Invention, by sharing the light sources corre- 
sponding to the respective wavelengths, then the con- 
struction for monitoring of the respective wavelengths 
and for wavelength stabilization control can be compact- 
ed. As wavelength monitoring circuits for monitoring the 
respective wavelengths of the wavelength multiplexed 
lights, there is for example a device wherein an arrayed 
waveguide grating or a scanning Fabry-Perot interfer- 
ometer is used. The wavelength monitoring circuit using 
the arrayed waveguide grating, effects wavelength dis- 
crimination which is independent of changes in incident 
light strength by taking the level ratios of the output lights 
from the adjacent pons using the periodic bandpass 
transmission characteristic of the arrayed waveguide 
grating. Moreover, the wavelength monitoring circuits 
using the scanning Fabry-Perot interferometer, effects 
wavelength discrimination by periodically scanning the 
centertransmission wavelengths of the scanning Fabry- 
Perot interferometer, and converting the wavelength er- 
ror to a time region (refer to: Takashi MIZUOCHI et. al., 
'Frequency Stabilized 622-Mb/s 16-Channel Optical 
FDM System and Its Performance in 1 .3/1 .55-um Zero- 
Dispersion Fiber Transmission,' Journal of Lightwave 
Technology, Vol. 13, No. 10. October 1995). 

FIG. 6 shows an example of a wavelength monitor- 
ing circuit which uses the arrayed waveguide grating. In 
FIG. 6, the arrayed waveguide grating has a substrate 

50 on which is formed N input waveguides 51. a 
waveguide array 52 made up of M waveguides succes- 
sively longer by predetermined waveguide length differ- 
ences, N output waveguides 53, an input side concave 
slab waveguide 54 for connecting the input waveguides 

51 and the waveguide array 52, and an output side con- 
cave slab waveguide 55 for connecting the waveguide 
array 52 and the output waveguides 53. CW lights of 
wavelength X, ~ X« output from light sources 23-1 ~ 
23-M of respective wavelengths are wavelength multi- 
plexed by a wavelength multiplexer 56 and input to one 
of the input waveguides 51 . The transmission charac- 
teristics of the respective ports of the output waveguides 
53 at this time become as shown in FIG. 7. FIG. 7 shows 
how the crossover wavelengths of the transmission 
characteristics of the adjacent ports and the respective 
light source wavelengths correspond. 



Connected to the adjacent pons of the output 
waveguides 53 are respective optical detectors 57 and 
58 which are connected t a logarithmic amplifier 59 
which takes their output ratios. The output from the log- 

5 arithmic amplifier 59 becomes zero at the crossover 
wavelength. That is to say, the relative wavelength error 
of the respective light source wavelengths and the 
crossover wavelengths can be detected according to 
the polarity and level of the error signal output from the 

io logarithmic amplifier 59. This wavelength error signal 
can thus be used to effect wavelength stabilization con- 
trol of the light source. 

FIG. 8 is a block diagram showing a fourth embod- 
iment of the present invention, being a VWP optical 

is cross-connect system. The optical cross-connect sys- 
tem shown in FIG. 8 is made up of a cross-connect sec- 
tion 200 similar to that shown in FIG. 1, and a. wave- 
length conversion section 300 with a wavelength con- 
version function further added to the function of the re- 

20 generation section 100 shown in FIG 1. This embodi- 
ment also, as with the embodiment of FIG. 1 is charac- 
terized in that the fight sources are shared by using light 
sources and optical splitters in combination. In FIG. 8. 
wavelength division multiplexed signals of M wave- 

25 lengths input from input optical fibers 11 -) (j = 1. 2, .. , N) 
are demultiplexed into the respective wavelength optical 
signals by wavelength demultiplexers 13-j. The optical 
signals of wavelengths ^ (i = 1 , 2, M) are then con- 
verted into electrical signals by respective opto-etectric 

30 conversion circuits (O/E) 21 -ij, and input to correspond- 
ing external modulators 22-fj. On the other hand, CW 
lights of wavelength X, - output from the light sources 
23-1j ~ 23-Mj, are respectively input to the 1 input M 
output optical splitters 24-1] ~ 24-Mj and M divided. The 

35 respective wavelength CW lights divided by the 1 input 
M output optical splitters 24-1 j ~ 24-Mj are then input to 
the M input 1 output optical switches 25-1 j ~ 25-Mj, and 
respective CW lights of each wavelength are selected 
and input to the corresponding external modulators 22-ij 

40 ~ 22-Mj. Here the wavelength division multiplexed com- 
munication light source used in the wavelength conver- 
sion of the M optical paths input from the input optical 
fibers 11-j, is constructed by the light sources 23-1 j ~ 
23-Mj, the 1 input M output optical splitters 24-1 j ~ 

45 24-Mj, and the M input 1 output optical switches 25- 1j 
~ 25-Mj. The external modulators 22-ij modulate and 
output the CW light of wavelength A* selected by the M 
input 1 output optical switches 25-ij, using an electrical 
signal corresponding to the optical signals of wave- 

so length Xi from the optical fiber 1 1 -j. As a result, the wave- 
lengths of optical signals are convened from wavelength 
to wavelength X,. The wavelength converted optical 
signals are then cross-connected to the output optical 
fiber 18-j via the M input N output delivery and coupling 

55 switch 15-j and the N input 1 output optical combiner 
16-j. 

The M input 1 output optical switches 25 may be 
constructed by combining 2 input 2 output thermooptic 
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effect optical switches of Mach-Zehnder interferometer 
construction (refer to the disclosure of Japanese Patent 
Application, First Publication, No. Hei 8-36195 regard- 
ing the optical space switch). For the external modula- 
tors 22, semiconductor absorption type intensity modu- 
lators or Mach-Zehnder type intensity modulators may 
be used. In this way, with the present embodiment, M 
Ibced wavelength light sources (one wavelength division 
multiplexed communication light source) maybe provid- 
ed for the respective input optical fibers. Hence lor the 
overall optical cross-connect system, correspondence 
is possible with only M x N fixed wavelength light sourc- 
es (N wavelength division multiplexed communication 
light sources), thus enabling realization of an economi- 
cal optical cross-connect system. Moreover, by using 
the M input 1 output optical switches 25, then cross-talk 
In the overall optical cross-connect system can be re- 
duced. 

FIG. 9 shows a fifth embodiment of an optical cross- 
connect system of the present invention. A feature of 
this embodiment is that a wavelength conversion sec- 
tion 300a is made up by adding M optical splitters to the 
wavelength conversion section 300 in the fourth embod- 
iment, thus having the feature of commonafizalion of 
same wavelength light sources. More specifically, the 
difference from the fourth embodiment shown in FIG. 8 
is that a 1 input N output optical splitter 26-1 is provided 
tor N dividing the CW light ol for example wavelength 
X, output from the light source 23-1, to the 1 input M 
output optical splitters 24-1 j. Similarly a 1 input M output 
optical splitter 26-M and so on is provided for N dividing 
the CW light of wavelength 7^ output from the light 
source 23-M, to the 1 input M output optical splitters 
24-Mj. In this way, the N same wavelength light sources 
corresponding to the respective input optical fibers can 
be made into one. Hence for the overall optical cross- 
connect system, correspondence is possible with only 
M fixed wavelength light sources, and in addition an eco- 
nomical optical cross-connect system can be realized. 

In general, M fixed wavelength light sources (one 
wavelength division multiplexed communication light 
source) may be provided for K input optical fibers. 
Hence for the overall optical cross-connect system, cor- 
respondence is possible with only (N/K) x M fixed wave- 
length light sources {N/K wavelength division multi- 
plexed communication light sources), thus enabling re- 
alization of an economical optical cross-connect sys- 
tem. The construction shown in FIG. 9 is for the case 
where K = N. 

FIG. 10A and FIG. 10B are block diagrams respec- 
tively showing internal structural examples of the M In- 
put 1 output optical switches 25 shown in FIG. 8 and 
FIG. 9. In this case, the M input 1 output optical switches 
25 shown in FIG. 10A and FIG. 10B, illustrate the case 
where the wavelength multiplex number M is 8. The 8 
input I output optical switch 25 shown in FIG. 10A, is 
made up from an optical gate 6witch array 62 comprising 
eight optical gate switches 61. and seven 2 input 1 out- 



put optical switches 63 f r finally obtaining a single ut- 
put from the outputs of the eight optical gate switches 
61 . In thi6 case, the 2 input 1 output optical switches 63 
are arranged as shown in the figure, in three levels with; 

5 four 2 input 1 output optical switches 63 for selecting 
fou r outputs from the outputs from the eight optical gates 
switches 61 , two 2 input 1 output optical switches 63 for 
selecting two outputs from the outputs from the lour 2 
input 1 output optical switches 63, and one 2 input 1 

10 output optical switch 63 for obtaining a single output 
from the outputs from the two 2 input 1 output optical 
switches 63. On the other hand, the 8 input 1 output op- 
tical switch 25 shown in FIG. 10B, is made up from an 
optical gate switch array 62 comprising eight optical 

15 gate switches 61, and eight 2 Input 1 output optical 
switches 63 connect in series, with one input connected 
to the output from the respective optical gate switches 
61. 

For the respective optical switches, a PLC type 
20 switch or a solid state optical switch both utilizing the 
thermooptic effect, or a mechanical switch, may be 
used. However, as described for the case of FIG. 5, the 
two former switches are preferable. The gate array 62 
is provided in order to improve the cross-talk character- 
's istics as mentioned above. As mentioned, the optical 
gate switch 61 of the desired output line only is ON and 
the other optical gate switches 61 are OFF. The optical 
gate switches either shutoff or pass lights irrespective 
of the frequency thereof. Hence If optical switches in- 

30 corporating optical gate switches are used, then as well 
as low cross-talk, the effect of removing ASE of CW 
lights of other than the desired wavelength can be ob- 
tained. Moreover, with switches which utilize the ther- 
mo-optic effect, the ON output level is adjustable. 

35 With the above construction, with the 8 input 1 out- 
put optical switch 25 shown in FIG. 10A, a desired op- 
tical output is selected by driving from zero to a maxi- 
mum of three of the 2 input 1 output optical switches 63. 
With the 8 input 1 output optical switch 25 shown in FIG. 

40 1 0B. a desired optical output is selected by continuously 
driving any one of the 2 input 1 output optical switches 
63. Since with the 8 input 1 output optical switch 25 
shown in FIG. 10A, the number of levels of the optical 
switches passing the optical signals is always constant, 

as then the losses can be kept uniform. On the other hand, 
with the 8 input 1 output optical switch shown in FIG. 
10B, since there is always only one optical switch being 
driven, then the power for driving the switches is always 
constant, and from an optical cross-connect system per- 

so spective, is thus less than for the FIG. 1 0A arrangement. 
Adjustment for variations in the losses occurring In the 
respective optical switches can be carried out as de- 
scribed above by adjusting the drive power for the opti- 
cal gate switches 61. 

55 FIG. 11 shows a sixth embodiment of a VWP optical 
cross-connect system according to the present inven- 
tion. In FIG. 11 wavelength division multipl xed signals 
of M wavelengths input from input optical fibers 11H are 
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demultiplexed Into optical signals of respective wav - 
lengths by wavelength demultiplexers 13-j. The optical 
signals of wavelength ^ are then converted into electri- 
cal signals by respective opto-electric conversion cir- 
cuits (O/E) 21 -ij, and input to the corresponding external 
modulators 22-ij. On the other hand, CW lights of wave- 
lengths X, ~ Xm output from the light sources 23-ij ~ 
23-Mj in the wavelength conversion section 300b are 
wavelength division multiplexed by the M input M output 
optical star-couplers 33-] and then M divided. The wave- 
length division multiplexed CW lights divided by the M 
input M output optical star-couplers 33-j are input to tun- 
able wavelength fitters 28-tj ~ 28-Mj, and respective 
CW lights of each wavelength are selected and input to 
the corresponding external modulators 22-lj ~ 22-Mj. 
Here the wavelength division multiplexed communica- 
tion light source used in the wavelength conversion of 
the M optical paths input from the input optical fibers 
11-j, is constructed by the light sources 23-1 j ~ 23-Mj, 
the M input M output optical star-couplers 33-|, and the 
tunable wavelength fitters 28-1 j ~ 28-Mj. The external 
modulators 22-ij modulate and output the CW light of 
wavelength \ selected by the tunable wavelength filters 
28-ij, using an electrical signal corresponding to the op- 
tical signals of wavelength 7^ from the optical fiber 11-j. 
As a result, the wavelengths of optical signals are con- 
verted from wavelength \ to wavelength The wave- 
length converted optical signals are then cross-connect- 
ed to the output optical fiber 1 B-j via the M input N output 
delivery and coupling switch 15-j and the N input 1 out- 
put optical combiner 16-j. 

In this way, with the present embodiment, M fixed 
wavelength light sources (one wavelength division mul- 
tiplexed communication light source) may be provided 
forthe respective input optical fibers. Hence tor the over- 
all optical cross-connect system, correspondence is 
possible with only MxN fixed wavelength light sources 
(N wavelength division multiplexed communication light 
sources), thus enabling realization of an economical op- 
tical cross-connect system. 

FIG. 1 2 shows a seventh embodiment of an optical 
cross-connect system of the present invention. A fea- 
ture of this embodiment is that in a wavelength conver- 
sion section 300c of FIG. 12, the same wavelength light 
sources inside the wavelength conversion section 300b 
in the embodiment of FIG. 6 are commonalized. The dif- 
ference from the sixth embodiment shown in FIG. 11 is 
that the CW lights ol wavelengths ^ - ^ output from 
the light sources 23-1 ~ 23-M are wavelength division 
multiplexed arid N divided by the M input N output optical 
star-coupler 29. The respective wavelength division 
multiplexed CW lights are then M divided by the one in- 
put M output optical splitters 24- j and input to the tunable 
wavelength filters 28-1 j - 28-Mj. In this way, the N same 
wavelength light sources corresponding to the respec- 
tive input optical fibers can be made into one. Hence for 
the overall optical cross-connect system, correspond- 
ence is possible with only M fixed wavelength light 



sources, and in addition an economical optical cross- 
connect system can be realized. 

In general, M fixed wavelength light sources (one 
wavelength division multiplexed communication light 

5 source) may be provided for K input optical fibers. 
Hence for the overall optical cross-connect system, cor- 
respondence is possible with only (N/K) x M fixed wave- 
length light sources (N/K wavelength division multi- 
plexed communication light sources), thus enabling re- 

io alization of an economical optical cross-connect sys- 
tem. The construction shown in FIG. 12 is lor the case 
where K = N. 

In the lourth through seventh embodiments, losses 
occurring in the 1 input M output optical splitters 24. the 

is m input 1 output optical switches 25, the 1 input N output 
optical splitters 26, the M input M output optical star- 
couplers 33, the tunable wavelength filters 28, the M in- 
put N output optical star-coupler 29, and the external 
modulators 22, can be compensated for by providing op- 

20 tical amplifiers in the respective input lines or output 
lines.. In this way, a predetermined signal-to-noise ratio 
(SNR) can be maintained. For the optical amplifiers, er- 
bium-doped fiber amplifiers, semiconductor laser opti- 
cal amplifiers, Raman amplifiers, Brillouin amplifiers or 

25 the like may be used. However, amplified spontaneous 
emission (ASE) is generated by the optical amplifiers, 
becoming a cause of degradation of the SNR. There- 
fore, a tunable wavelength filter for eliminating the ASE 
is provided for example after the optical amplifier ar- 

30 ranged in the output line from the external modulator 22. 
FIG. 1 3 shows an example of a construction where- 
in optical amplifiers / tunable wavelength fitters are add- 
ed to the wavelength conversion section 300a of the fifth 
embodiment. In FIG. 13, optical amplifiers 30-1 ~30-M 

3S are arranged in the respective output lines from the light 
sources 23-1 — 23-M in a wavelength conversion sec- 
tion 300d. Moreover, optical amplifiers 31-11 - 31 -MN 
are arranged in the respective output lines from the ex- 
ternal modulators 22-1 ~ 22-MN, and tunable wave- 

ao length filters 32-11 ~ 32-MN are arranged after these. 
Central transmission wavelengths of the tunable wave- 
length filters 32-1 1 — 32-MN are set so as to respectively 
correspond to the wavelengths selected by M input 1 
output optical switches 25-11 ~ 25-MN. Consequently, 

45 \\ a device fined with optical gate switches such as 
shown in FIG. 10A or FIG. 10B is used for the M input 
1 output optical switches 25. then the ASE of the CW 
light of the desired wavelength (for example \) can be 
eliminated by the tunable wavelength filters, and the 

so ASE of CW lights other than the desired wavelength (for 
example other than Xj) can be eliminated by the optical 
gate switches. 

The tunable wavelength filters 32 used in this em- 
bodiment can also be arranged in other constructions of 

55 the embodiments such as the second embodiment de- 
scribed with reference to FIG. 2, subsequent to the op- 
tical amplifiers arranged prior or subsequent to the ex- 
ternal modulators, and the earn effect thus obtained. 
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FIG. 1 4 shows an example of a construction where- 
in optical amplifiers, and tunable wavelength filters are 
added to the wavelength conversion section 300c of the 
seventh embodiment. In FIG. 14, optical amplifiers 
30-11 ~ 30-MN are arranged in the respective output 
lines from the 1 input M output optical splitters 24-1 ~ 
24-N. Moreover, optioal amplifiers 31-11 ~ 31 -MN are 
arranged in the respective output lines from the external 
modulators 22-1 ~ 22-MN, and tunable wavelength fil- 
ters 32-1 1 - 32-MN are arranged after these. The cent- 
er transmission wavelengths of the tunable wavelength 
filters 32-11 ~ 32-MN are set so as to respectively cor- 
respond to the wavelengths selected by the tunable 
wavelength filters 28-11 ~ 28-MN. 

With the sixth and seventh embodiments also, as 
with the second embodiment described in relation to 
FIG. 2, optical amplifiers may be added to inside the 
wavelength conversion section 300d or 300e. Moreover, 
with the sixth and seventh embodiments also, as with 
the second embodiment, in the case wherein semicon- 
ductor optical amplifiers are used for the optical ampli- 
fiers, monitoring of the lights can be carried out using a 
pilot tone signal. At this time, in the wavelength conver- 
sion section 300d or 300e, by selecting with the M input 
1 output optical switch 25, or the tunable wavelength fil- 
ter 28, a desired wavelength from the CW light super- 
imposed with the wavelength identifying pilot tone, and 
then monitoring for the pilot tone signal, it is possible to 
monitoring whether or not the desired wavelength has 
been selected. 



Claims 

1 . An optical cross-connect system comprising: 

wavelength demultiplexing means for demulti- 
plexing wavelength division multiplexed signals 
of M wavelengths, M being an integer of two or 
more, respectively input from N, N being an in- 
teger of two or more, input optical transmission 
lines, into M x N optical signals of respective 
wavelengths; 

optical regenerating means for regenerating 
and outputting the M x N optical signals ol the 
respective wavelengths demultiplexed by the 
wavelength demultiplexing means, said optical 
regenerating means comprising: M light sourc- 
es in K sets, K being one or more and less than 
N/2 with divisor of N, for outputting lights of mu- 
tually different wavelengths; M x K optical split- 
ters for respectively N/K dividing the lights from 
said light sources and outputting N lights for 
each wavelength; MxN opto-electrical convert- 
ers for converting said MxN optical signals of 
the respective wavelengths into electrical sig- 
nals, and M x N external modulators for corre- 
sponding the electrical signals for the convert- 
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ed M x N optical signals of respective wave- 
lengths, with the N lights for each of the respec- 
tive wavelengths divided by said MxN optical 
splitters, and modulating the corresponding 
wavelength lights by the electrical signals and 
then outputting; and 

(M x N) input N output cross-connect means lor 
rearranging the routing for the M x N regener- 
ated optical signals and outputting to any of N 
output optical transmission lines. 

2. An optical cross-connect system according to claim 

1, wherein optical amplifiers are provided subse- 
quent to said light sources and prior to or subse- 
quent to said external modulators. 

3. An optical cross-connect system according to claim 

2, wherein the optical amplifiers provided subse- 
quent to said light sources utilize semiconductor op- 
tical amplifiers, and when the light is amplified, su- 
perimpose thereon modulation components char- 
acteristic of the respective wavelengths. 

4. An optical cross-connect system according to claim 
2. wherein the optical amplifiers provided prior to or 
subsequent to said external modulators utilize sem- 
iconductor optical amplifiers, and when the light Is 
amplified, superimpose thereon modulation compo- 
nents characteristic of the input optical transmission 
lines. 

5. An optical cross -connect system according to any 
one of claims 1 through 4, wherein a stabilizing cir- 
cuit is provided for monitoring the wavelength or the 
frequency of the respective light sources and stabi- 
lizing this at a predetermined respective wave- 
length or frequency. 

6. An optical cross-connect system comprising: 

wavelength demultiplexing means for demulti- 
plexing wavelength division multiplexed signals 
of M wavelengths, M being an integer of two or 
more, respectively input from N, N being an in- 
teger of two or more, input optical transmission 
lines, inlo MxN optical signals of respective 
wavelengths, 

wavelength replacing means for wavelength re- 
placing and regenerating and then outputting 
the M x N optical signals of the respective wave- 
lengths demultiplexed by the demultiplexing 
means, said wavelength replacing means com- 
prising: M light sources in K sets. K being the 
divisor of N, for outputting lights of mutually dif- 
ferent wavelengths; M x K optical splitters for 
respectively N/K dividing the lights from said 
light sources and outputting N lights for each 
wavelength; N optical space switches into 
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which are respectively input 1 set of M wave- 
length lights from N sets of M wavelength lights 
output from said MxK optical splitters, for con- 
secutively replacing the input lipjhts and respec- 
tively outputting M wavelength lights; M x N op- s 
to-electrical converters for converting said M x 
N optical signals of the respective wavelengths 
into electrical signals; and MxN external mod- 
ulators for corresponding the electrical signals 
for the converted MxN optical signals of re- to 
spective wavelengths, with the N lights for each 
of the respective wavelengths output from 6aid 
N optical space switches, and modulating the 
corresponding wavelength lights by the electri- 
cal signals and then outputting; 
and 

(M x N) Input N output crces-connect means for 
rearranging the routing for the MxN optical sig- 
nals output from said wavelength conversion 
means, and outputting to any of N output optical *<> 
transmission lines. 

7. An optical cross-connect system according to claim 
6 wherein said optical space switch comprises a 
plurality of optical gate switches, and transfer of 25 
cross-talk components is prevented by having the 
optical gate switch passing optical signals ON, and 

the optical gate switches not passing optical signals 
OFF. 

30 

8. An optical cross-connect system according to either 
one of claim 6 and claim 7, wherein a stabilizing cir- 
cuit is provided for monitoring the wavelength or the 
frequency of the respective light sources and stabi- 
lizing this at a predetermined respective wave- -35 
length or frequency. 

9. An optical cross-connect system according to either 
one of claim 6 and claim 7, wherein said wavelength 
replacing means comprises; optical amplifiers pro- *o 
vided subsequent to said light sources and prior to 

or subsequent to said external modulators, and tun- 
able wavelength filters provided subsequent to said 
optical amplifiers provided prior to or subsequent to 
said external modulators. 45 

1 0. An optical cross-connect system according to either 
one of claim 6 and claim 7, wherein said wavelength 
replacing means comprises; optical amplifiers pro- 
vided subsequent to said light sources and prior to 50 
or subsequent to said external modulators, and tun- 
able wavelength filters provided subsequent to said 
optical amplifiers provided prior to or subsequent to 
said external modulators, 

and wherein the optical amplifiers provided subse- ss 
quent to said light sources utilize semiconductor op- 
tical amplifiers, and when the light is amplified, su- 
perimpose thereon modulation components char- 



acteristic of the respective wavelengths. 

1 1 . An optical cross -connect system according to either 
one of claim 6 and claim 7, wherein said wavelength 
replacing means comprises; optical amplifiers pro- 
vided subsequent to said light sources and prior to 
or subsequent to said external modulators, and tun- 
able wavelength filters provided subsequent to said 
optical amplifiers provided prior to or subsequent to 
said external modulators, 

and wherein the optical amplifiers provided prior to 
or subsequent to said external modulators utilize 
semiconductor optical amplifiers, and when the light 
is amplified, superimpose thereon modulation com- 
ponents characteristic of the input optical transmis- 
sion lines. 

12. An optical cross-connect system comprising: 

N wavelength demultiplexing means for demul- 
tiplexing wavelength division multiplexed sig- 
nals of M wavelengths, M being an integer of 
two or more, respectively input from N, N being 
an integer of two or more, input optical trans- 
mission lines, into MxN optical signals of re- 
spective wavelengths, 

wavelength conversion means for wavelength 
converting and then outputting the MxN optical 
signals of the respective wavelengths demulti- 
plexed by the N wavelength demultiplexing 
means, said wavelength conversion means 
comprising: 
either one of; 

N light source sections corresponding to the N 
input optical transmission lines and incorporat- 
ing: 

M light sources for outputting lights of mutually 
different fixed wavelengths; 
M input M output optical star-couplers for wave- 
length multiplexing and M dividing the optical 
outputs from said light sources, and 
M tunable wavelength filters into which are in- 
put the wavelength multiplexed lights. divided 
by said M input M output optical star-couplers, 
which pass lights of predetermined wavelength 
only and which shut-off lights of other wave- 
lengths, 
and 

N/K, where K is the divisor of N, light source 
sections corresponding to the N input optical 
transmission lines and incorporating: 
M light sources for outputting lights of mutually 
different fixed wavelengths; 
M input K output optical star-couplers for wave- 
length multiplexing and K dividing the optical 
outputs from said light sources, 
1 input M output optical splitters for respectively 
M dividing the wavelength multiplexed lights di- 
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vided by said M Input K output optical star-cou- 
plers, and 

M x K tunable wavelength filters into which are 
input the wavelength multiplexed lights divided 
by said 1 input M output optical splitters, which $ 
pass lights of predetermined wavelength only 
and which shut-off lights of other wavelengths, 
M x N opto-electric converters for converting 
the optical signals of respective wavelengths 
demultiplexed by said demultiplexing means, 10 
into electrical signals, and 
MxN external modulators for corresponding 
the M x N electrical signals output from said re- 
spective opto-electric converters with the M x 
N lights ol respective wavelengths output from is 
the respective tunable wavelength filters of said 
light source sections, and modulating the cor- 
responding wavelengths lights by the electrical 
signals and then outputting, 
and 20 
(M x N) input N output cross-connect means for 
rearranging the routing tor said MxN wave- 
length converted optical signals, and outputting 
to any of N output optical transmission lines 



13. An optical cross-connect system comprising: 



25 



N wavelength demultiplexing means for demul- 
tiplexing wavelength division multiplexed sig- 
nals of M wavelengths, M being an integer of 30 
two or more, respectively input from N, N being 
an integer of two or more, input optical trans- 
mission lines, into MxN optical signals of re- 
spective wavelengths, 

wavelength conversion means for wavelength 35 
converting and then outputting the MxN optical 
signals of the respective wavelengths demulti- 
plexed by the N wavelength demultiplexing 
means, said wavelength conversion means 
comprising: 40 
either one of; 

N light source sections corresponding to the N 
input optical transmission lines and incorporat- 
ing: 

M light sources for outputting lights ol mutually *s 
different fixed wavelengths; 
M sets of 1 input M output optical splitters for 
respectively M dividing the optical outputs from 
said light sources, and 

M sets of M input 1 output optical switches into so 
which are input the lights of respective wave- 
lengths divided by said respective 1 input M 
output optical splitters, which select and output 
lights of one of the wavelengths, 
and 55 
N/K, where K is the divisor of N, light source 
sections corresponding to the N input optical 
transmission lines and incorporating: 



M light sources for outputting lights of mutually 
different fixed wavelengths; 
M sets of 1 input K output optical splitters for 
respectively K dividing the optical outputs from 
said light sources, 

M x K sets of 1 input K output optical splitters 
lor respectively M dividing the lights divided by 
said respective 1 input K output optical splitters, 
and 

M x K sets of M input 1 output optical switches 
into which are input the lights of respective 
wavelengths divided by said respective I input 
M output optical splitters, which select and out- 
put lights of one ol the wavelengths, 
MxN opto-electric converters for converting 
the optical signals of respective wavelengths 
demultiplexed by said demultiplexing means, 
into electrical signals, and 
MxN external modulators lor corresponding 
the M x N electrical signals output from said re- 
spective opto-electric converters with the M x 
N lights of respective wavelengths output from 
the respective M input 1 output optical switches 
of said light sources, and modulating the corre- 
sponding wavelengths lights by the electrical 
signals and then outputting, and 
(M x N) input N output cross-connect means for 
rearranging the routing for said MxN wave- 
length converted optical signals, and outputting 
to any of N output optical transmission lines. 

14. An optical cross-connect system according to claim 
1 3 wherein optical gate switches are provided at the 
input stage of said M input 1 output optical switch, 
and transfer of cross-talk components is prevented 
by having the optical gate switch lor the input line 
carrying the optical signals ON, and the optical gate 
switch for the other output lines OFF. 

15. An optical cross-connect system according to any 
one of claim 1 2 through claim 14, wherein a stabi- 
lizing circuit is provided for monitoring the wave- 
length or the frequency of the respective light sourc- 
es, and stabilizing this at a predetermined respec- 
tive wavelength or frequency. 

16. An optical cross-connect system according to any 
one of claim 12 through claim 14, wherein said 
wavelength conversion means comprises; optical 
amplifiers provided subsequent to said light sourc- 
es and prior to or subsequent to said external mod- 
ulators, and tunable wavelength filters provided 
subsequent to said optical amplifiers provided prior 
to or subsequent to said external modulators. 

17. An optical cross-connect system according to any 
one o1 claim 12 through claim 14, wherein 6aid 
wavelength conversion means comprises; optical 
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amplifiers provided subsequent to said light 6 urc- 
es and prior to or subsequent to said external mod- 
ulators, and tunable wavelength filters provided 
subsequent to said optical amplifiers provided prior 
to or subsequent to said external modulators, s 
and wherein the optical amplifiers provided subse- 
quent to said light sources utilize semiconductor op- 
tical amplifiers, and when the light is amplified, su- 
perimpose thereon modulation components char- 
acteristic of the respective wavelengths. ic 

18. An optical cross-connect system according to any 
one of claim 12 through claim 14, wherein said 
wavelength conversion means comprises; optical 
amplifiers provided subsequent to said light sourc- is 
es and prior to or subsequent to said external mod- 
ulators, and tunable wavelength filters provided 
subsequent to said optical amplifiers provided prior 
to or subsequent to said external modulators, 
and wherein the optical amplifiers provided prior to 20 
or subsequent to said external modulators utilize 
semiconductor optical amplifiers, and when the light 
is amplified, superimpose thereon modulation com- 
ponents characteristic of the input optical transmis- 
sion lines. 2S 



30 



35 



40 



45 



SO 



55 



14 



EP 753 6ai 



Page 1 5 of 2 



EP 0 759 681 A2 




15 



EP 759 681 



Page 16 of 2 



EP0759 681 A2 




16 



EP 759 681 



Page 17 of 



EP 0769 681 A2 




WAVELENGTH 7 X 

"~J"\ 



\DEMULTIPLEXER 



WAVELENGTH 
DEMULTIPLEXER 
~7.. 



' CO 



1 



17 



EP0 759 681 A2 



FIG.4 



41-1 





1 


1x8 


2 


OPTICAL 




SWITCH 






8 



41-2 





1 




2 


8x1 




OPTICAL 




SWITCH 


8 







1 

1 x8 2 

OPTICAL 

SWITCH 

8 




o 8X1 
OPTICAL 
SWITCH 

8 

1 — S 




A2 


\ / • 
• \ / " 





42-2 



41-8 



As- 


1 

1 x8 2 

OPTICAL 

SWITCH 

8 




1 

2 8x1 
OPTICAL 
SWITCH 

8 

) 











42-8 



27 



18 



EP0 759 681 A2 



FIG.5 



41-1 




A2 



As 



-43 



43- 



43' 





P~H\ / 


1x8 




OPTICAL 


2 V -f 


SWITCH 


18 A X / 


/ 




41-2 . 








1x8 




- OPTICAL 




SWITCH 


- 8 






s 


41-8 


43 



IK" 



— 2 - 



43 



8X1 

OPTICAL 

SWITCH 



27 



19 



EP 759 681 



Pa pe 20 of 2 



EP 0 759 681 A2 




o 

LO 



\D 

6 
»— i 



LO 



CO 



CO 
CnJ 



/wavelength MULTIPLEXER \ 

±rr A 1 1 



CO 
LO 



-o 



<0 

J CO 



LU 
I— CJ> 

xo: 
CD ZD 
*— i O 
—ICO 




20 



EP 0 759 681 A2 




£p 759 681 



Page 22 oT 2 

• *' «. 



EP 0759 681 A2 



00 

6 



i 

CO 
CNI 



— 1 fy^ 



I 

CO 
CNI 



5 o 

^ O 
— 1 CO 



I 

CO 

CNI 



~8 





uu 






CVI 










ICAL 
TTER 


r 


OPT 
SPLI 


1 

CNI 










ICAL 
TTER 


r 


opt: 

SPLI 


1 




CNJ 






1 CNJ 



5y 



500 



CO 
CNJ 



:cj> 

; CH 



O 

1 CO 



<:; 
o 



ICAL 


TCH 


OPT 


IMS 



I 

^CNJ 



t 

- CNJ 



I 

-CNJ 









0 






or 




uu 




I— 0 


xo 


LU 


3: 



\ WAVELENGTH / \ WAVELENGTH / 
\MULT I PL EXE R/ - • \MUL T I P L E XE R / 



CO 



22 



EP 753 68J 



Page 23 of < 



EP 0 759 681 A2 




CO 



37; 



23 



EP 759 681 



Rage 24 of 2 



EP 0 759 681 A2 




24 



EP 0 759 681 A2 




25 



EP 769 681 



Page 26 of : 



EP 0 759 681 A2 




26 



EP 0 759 681 A2 



FIG. 13 



-300d 




OPTICAL 
SPLITTER 




OPTICAL 
SPLITTER 



OPTICAL 
SWITCH 



OPTICAL 
SWITCH 

^25-1 N 



0/E 



21-11 



0/E 



21-M1 



0/E 



21-1N 



0/E 



21-MN 



\f OPTICAL \ f OPTICAL \ 
J \sP^E^J^^Sf^™^ 



OPTICAL 




OPTICAL 


SWITCH 




SWITCH 



^ 9R-I 



25-M1 



1 



EXTERNAL 
MODULATOR 



22-11 



31-11 



jL 



25-11 
32-11 



TUNABLE 
WAVELENGTH 
FILTER 



1 



EXTERNAL 
MODULATOR 



22-M1 



31 -Ml 



JL 



32-M1 



TUNABLE 
WAVELENGTH 
FILTER 



1 



EXTERNAL 
MODULATOR 



7 — 
22-1N 



31-1N 



JL 



32-1 N 



TUNABLE 
WAVELENGTH 
FILTER 



3_ 



EXTERNAL 
MODULATOR P f 
31-MN 



JL 



32-MN 



LI 



TUNABLE 
WAVELENGTH] f 
FILTER 



22-MN 



27 



EP 759 681 




EP 0 759 681 A2 



FIG. 14 



,300e 



24-N 



C 





LIGHT 
SOURCE 


-23-M 

■ • • 


LIGHT 
SOURCE 


J3-1 




Am 




Ai 





29 



OPTICAL STAR-COUPLER 



24-1 



OPTICAL SPLITTER ) • ■ • ( OPTICAL SPLITTER ) 




30-MN 




30- 1N 



30-M1 



28-MN 



0/E 



^21-1 1 



0/E 



A21-MI 



0/E 



21-1 N 



0/E 



21-MN 



28-1 N 




30-11 



TUNABLE 




TUNABLE 




TUNABLE 




TUNABLE 


WAVELENGTH 




WAVELENGTH 




WAVELENGTH 




WAVELENGTH 


FILTER 

y 1 




FILTER 
) 




FILTER 
1 ^ 




FILTER 



28-M1 



28-11 



"L 



EXTERNAL 
MODULATOR 

7 • 

22-1 1 ■ 



It" 



31-11 



32-11 



TUNABLE 
WAVELENGTH 
FILTER 



EXTERNAL 

MODULATOR 

7 : — 

22-M1 • 



31 -Ml' 



r 



32-M1 



TUNABLE 
WAVELENGTH 
FILTER 



1 



EXTERNAL 
MODULATOR 



7 

22-1N 



31-1N 



32-1 



TUNABLE 
WAVELENGTH 
FILTER 



3_ 



EXTERNAL 
MODULATOR 



7 

22-MN 



31-MN 



JL 



32-MN 



TUNABLE 
WAVELENGTH 
FILTER 



H- 



28 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



Q_&fcURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 




